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(54) DEMODULATOR 

(57) Abstract: 

PROBLEM TO BE SOLVED: To allow one system to 
demodulate a QAM modulation signal and a QPSK 
modulation signal in the demodulator in a digital 
transmitter-receiver. 

SOLUTION: In the QAM demodulator system, a selector 
101 and a selector controller 102 are used to form a 
signal path validating a waveform equalizer 14 and a PNT 
device 18 when an input signal to an input terminal 11 
is a QAM modulation signal and to form a signal path 
invalidating the waveform equalizer 14 and the PNT 
device 18 when the input signal to the input terminal 11 
is a QPSK modulation signal so as to allow one system to 
demodulate the QAM modulation signal and the QPSK 
modulation signal. 



SOT? 



ABC* 



'!6 



maxn±m 



11 




COPYRIGHT: (C)1997,JPO 



a9)0#B*mtf (jp> 



02) & m 4# it ^ 




(51)Inta 8 

H 0 4 L 27/22 

HO 4 J 11/00 

H 0 4 L 27/38 

H 0 4 N 5/21 



(A) (nmmum&mm^ 

«RrW¥9- 275426 

(43)&KB ¥$9^(1997)10/321 B 



F I 

H04L 27/22 

HO 4 J 11/00 

H0 4N 5/21 

H04L 27/00 



z 
z 

A 
G 



SSttsR *3f* 8 OL 11 JO 



(2l)ffl«#^ 


-84990 


(71) WSA 


000005821 














(22) WIS B 


5pf£84p(1996)4/J 8 B 




A^HJ^ttA^IWOOeSifi 








(72)$B|fl# 












AKJfif 1 006#flS 


















(72)3891^ 


/MS #93 










AE*r fbhtuaws ioo6#fls 


«T*» 
















(72)f69m 


A* ICS 










ARJfiFnK*A*^K1006#» 


















(74)ffiffiA 


#S± it* «£. (*U£) 










JEW 





(54) imwo&m] mum 



(57) 

#&aows x ^ & a w^-rs. 

T, JUSUSIl 0 1 tmimWmi 0 2{C«fcoT, A# 

sb? 1 1 / vz>A#-ft*# q AMsaws*© £ # 

-fb#l 14tPN T^Hr 1 8 fcflTStt* fcft 5 v & 

U AMS^tfQ P S K3BWH£ © t. £ USBiaWH* l 

4fcPNT»l S*mh^&mWiim i kVF l ')\£~?Z.£. 
ICi'A loCDi/^AT'QAM^IS'ff-^tQPSK^ 



to 



rir/ 



1 



ft: u 

* + 



5 

OR 



2 \ 



o 



o 
< 



□ *1 



ro 



IS 



CM 
O 



CM 



L* 



0* 

X « 

UJ i 



O 



7 



(2) 



1 



fcMUT®b£ff#JCIi1i^mS§4:. HfJf^StS© 

-r3PNT3§i:, miab^ff^ffi^l-Sffi^^-i:, 
ffflB^MMtf Q A MfgiJM© £: £ tei!y|BM7P£"f fcg§ 4: M 
IBP N T^&^yijtC L QPS K^Sfj&CDt ^teiulBM 



m 3 ] ATMi^tf QPS K^&tf)l§1=riK7P? 

ttfgi: P n T^£^{cl-&;g8&£# y ffi-taffifflli:, 

TstifBSS'Jso^i y #a feffiivrrsmHHHiHf ^ttrt 

H*#Jg 4 ] A2rfB## QPS K»&<Z)#£ P N T 

flfcfcr* s E x p -)fe» £ . 8BWWfcSW> * v 7°m&ft— 

ftBttffci i: &4^fc**aW^ 2f3«©tia»ft. 
[ft 5 ] Airtt##Q P S K»S©^M^ 

±rt& e = o—mmt. tusae - o— jeaw&o x 
-?-*u^«-r^T o ic&s «fc e> fcs^^sisg^fts 

JfiiS!J3§i:, o©fflS:{Wrt-se = o— £»£:, itfiae 

= o e> e x p m^^^^ss fett y ffi-rssyn 

i:. A^*KJ:oTIW^'J»®«y«A&«!fW-rs 
3aS!B»WW»«:®Wfe^. t £4S®ti:-f S» 2 IB®© 



fS989&&£* XiM^tfO F DMQ AM^HMfeS v Mi 

O F DMQ P S K^lMCOil^litfflBlia^'J^ltli: F 



10 



^Fggsp 9-275426 

2 

FT^mffiimMSZffiftlZL. ATMI^QAM^ 
Affile ^BQPS KSSHffi® £ i* ttfiftEBStifc£B^fc8g 

£ F F T»i:afiiS5!Bai»%ft8»»C't*»»S:f^ y ffi-t 

iMi:, AiJm-tlCioTsulB^S'JflO^ymSrM 

[ft** 8 ] mmy - u xaaafc-tsa* fftsi 

£. A*M##OFDMQAM^?&&-5VM£OFDM 
QPS KSSffift® £ S ttlitM F F T» & *aWC U A 
^jf^Q AM^MiS&S^ttQ P S KSBSfift©tSt± 
SWffiSF F T^5:*mtC-rs®S&S:#y ffi1-^g'Jfli:> 

ffiffiPNS i 4: ^ 7 IB«©^iJI 



[000 1] 

•5=^ *;ueass(BWcfetts q p s kwm^> q ams 

20 [0 0 0 2] 

PUfeff^ feilX-liQ AM^SM-tilQ P S 

X\ZQ AM@M%k£ Q P S KttftgggiJ* CD^T-«I^$ *l 

[0 0 0 3] EI7(C^CDQAM«|l^©^$:5tbT 
fey. 3BWL/fe«^S:AA-fSA*S8T-l It, SCHKS 
^e>7C®iailM#5:^7t;-rS^S§Sl 2L WMim$i 

mm,(mm£^wt^ws\*$g%*z> u -mv 

30 74)1* 1 3£, eS»K:J:o'r3Efbbfc«*S:afi« 
lC*fLT3®bfe#-t(CM'11S9^fbS§l 4t, ^i^CO 

+AFC|§l5i: > ^-zx -±m<Dmm<D$m*:ftM-t 
s feK^jflKidp©^ &ff y ffi-r A G CH 1 6 £, ^SP 

HI 8 4:, jS^^bfgl 4<Z)ffi*ffi-§-S:^9-fXLTi/ 
>#;Wf^£^£1-£!t£8!l#§ 1 9 i:, MSUfc{f^$:ffl 

40 [0 0 0 4] ?^CB|7?rMV^ «OQAM«ffl 

2 ttSffltiftfr e> jiomMg^ S^jcL, D-M77-f 
1 3 £7Uv VWcM 1 7 lCA7Jt--5= ? a >y 

^si 1 7 ^akD^ a y 9 m$ms£*ftffl-f s«$g&# 

Srl&^s-tts^n^^&^yffii". u-jvt774J\/# 

l 3 (i^^gm^^O^t^r^g^SWMS:^ 

3^U iS0^Wfc»l 4 tAGC^l 6lCA73-r«>= AG 
50 CH16 tt^a -^<©JWfSS<^J»%1WW^* ^-*© 



3 

mm y a-r. wj&mvm 1 4 ti^ani^c £ 0 T ^ 

-ft L 7Mi# 5:^ff«c*f UTJI b £M#(C Ji U ISM 
1 9£i£&?$S£S§+AFC#gl 5£PNT2§1 8tCA 

Trrs. KgMS^+AFc^i 5tt»&©&*a-r 

wm^fr*^\^x*o>wmmm\ 2izm 
s. PNTmi 8&i-a.-i-<Dffi9m^ i %vz>mm 
^mmL^cDmrn^mmi 2izmz. mmi 9« 

1 offl^;-rs= o±<z)tfff^(c«ty, 10 

[0 0 0 5] H8(C^CDQPSK^Iif|CD^ 

iai^e>^©3Si«^&t*^s*H^i 2^ 

■rti^muT«iE-r-s«^ms^fi+AFctii 5 
*=l -^-gp©if «>§#§©# m «wfrr 5 &«>©*«»*! 

SH»«HRf*rrfi *n>> d^s^» 1 7 ss^t^ 1 4 20 

URSSifVC^S. &fCH8«:JBvvr, S£*©QPSK« 

[0006] * "f . QPS K3ai Ufc«^*f«A«B? 1 
1#^A7J£*U Ml 2tCA7j£*l£., fflSSil 2 

# l 3£* l 7 {cATrr-So ^n-v^S* 
1 7 tt^gp© * □ * * ffi&Rtt £f&!K3?t-S«$g£# y 

$-t±€>^n>y^S:f^Uffi-r. D-M77-fM13(i 

a g est 1 6 fc«aiiaif^a}+ a f c» 1 5 tmm 1 

9 tCATJf So AGC§§ 1 6 J. - -*-3&©tfipS§i©#IJ 

A F C» 1 5 «35Wft©ffiffif ft. MM$Tf*i£*£ffiL 
T-£©flB8S:tft»»l 2{ci£s 0 SRg'JXgl 9ttn-;t/tf 
1 3(Z)ffi7JfI-^$:X^-fXLTi»3jf;i4S^ 
&S£UWJflS?-l 1 0 RJ:©»fNCJ: »J Q 40 

P S KUOHSr^l-rs'. 

[000 7] 09 tCfl63fK8»gWb» 1 4 ©#&££^ L 

Wjawanfefli*«:ffi*t-*Hi*si?-3 2 3 * >y 

y©h9>xA— /?!/£©# <y -^R<7)4I 

[0 0 0 8] Hg SrfflV\Ttt3feCMS&|^SKti»CD» 50 



ffHiPP 9-275426 

4 

e>A7r$tu 9-;b7^;i/^3 3T^ffc$ti 

2N+1, *#y^W»«:Cj, AAffM^Xnt 

[0 0 0 9] 
[Ml] 

N 

Yk= rcjxXN-i 

J--N 

[0 0 10] (I3T', Xk-1 «XnT'^f) = 3 

^;Ut©^^eK 2 WafcCsSK^y,.**^*. 
[0 0 11] 
[^2] 

ek 2 = (d ll -Y 1 ,) 2 
[00 12] ^3T% ek &/h£<-rS{Cte, KSre 

y**b*lS©T, 
[0 0 13] 
BS3] 

d e* k 

«=— 2 z Xk-ix ek 

dCj k=i 

[0014] z.(Dismz9 vzfflm&maisT^mm 
&,± vK)\,(Dizmwm>^'Hzt£. ij , AJM^mtiz 

[0 0 15] S^fC, Hi 0 lC*£jfe© P N T3! 1 9©^ 
rtfriRbTfiU, A7J^-?-4 1 ««SEak\ffi*-t&ffi 
A«f4 2i:, ^a— *-©»«»*» 6>S^6fiCffl-f4x© 

fe^ffi-TS e ^ffi^4 3 fiffil**i e frbik&offiM. 

So 

[0 0 16] A73S^4 l35»e>«#*<A*StU 

?g^4 4 {CATJ-TSo e x piSHtC##4 6 
[0 0 17] 

GK4] 

exp( — jfl) = cosff — jxsine 
[0 0 18] ©aW&ffW 1 2 lCffi*.1-S. * 

L/T, Efl 1 tCtfeR©0 F DMQ AM®M%&DMJ&ZB 
LTfey, 3a»Lfcfi#«:A*'tSA*S»fl It, 



• 1 

» 



(4) 

5 

5 4l, ^a--HB5©*fflfiS^J»£1W 

»-r s y ffi-r a g c# i 6 1. 

NTHl 8 4l, «aaBES£»l 4©ffi;W5#«:*9>f;x 
#BSft fefr o WW^WOi 5 l 4i, HGS:7-yx3QBS& 

#n§5 3 41, ttWLfe^&mA-rsffiijSff?-! i 

[0 0 19] l&MWC. t&fetf)OFDMQA 

tits*© q AMttSHS t mm&Mmyrfrn, mmm 
i{ca*$^» iM6?'MMi5 lx-mmmm 

Stt. FFT»5 2A*StlS. F F 5 2 "C itRiLl? 

- y ttaMWBQ&s 5 3 (ca* $ n«. Mtt?u 

5 3 T% Mit^J^&StiiOTt 1 9 IZAXZti 
5. SKB!f8*l 9T?tttf£^QAMl*»i:B^»«^ 20 
fffcfrlO F DMQ AM^Sfff f§rt LX&tlZn&o 
[0 0 2 0] 

[0 0 2 1] 

IC, ##§BJ3«, QAM^MM&^iSt-^^tttQAMm 30 
9Sf§tf«tglC&.g> i e> &OT&£Bi«U QPS K33H 

[0 0 2 2] 

S^iltCioT, ^CD^&Z>^#ortB4l&5r4l 40 

o xmtLt~m^ z%.im^tt Lxm^r=.m^m-rm 

LxmiE?&ffl}mn%.$£+AFc^£. *=L-i-<m 
w^m^wm* tz.to<mMffim& z& y m-r a 

n&s&n. msmmimamjim^zx^xisx*/ 50 



9-275426 

6 

fcSW*BElSBIJ«Wfct«EPNT**^K:U QP 
S K8Wi8W> 4i ss tttWBSSS^ffb* 4i iul B P N T» 
^ICtSdil^^ftS^T'fey, . 
±I3#§WC;B^T, A2rf§##Q P S K3SH«©»&afc 
J#*fb»£i P N T« S:*Sft(C"tsftg&S:f^*J ffl-*25»!H» 

ct o r tag sbbmsow y e*. 

Ta&^us&ic-rsiftKSf^yffi-rjBjiHSii, -soffit 
&fflW5Exp -s* ti , w&9i bSS® * -V 

'#^&gS^3 4l$:#®:4lf s y, 

^sg^bssjusfttc-t y ffl-r^g'JSiii, 0 

om i tftt>-tz> e = 0— jest, striae = o-jg#fre> 

exp?SB*^®^&f^yffit"a!8!B»^ A^J-fS^c 

iaigB^tc ^ v >t , ?2&imbf§© * >v ~f&mff^r> 1m 1 

atMiSSIBSi:. oaHBSrffiA-tse =0-j£»4i, atria 
e = 0 - jEiBW* <b e x p tSeWS^iBft & l J ffi-t38a'J 

nil, 7<timtt*vximmm0>wvm*.z9m-r 
z>mq$mmmt:Mvr-z£ «Jit5*©t'* y> 

1 n <r>Wffi&X Q AlV^^t^ U tcm^f £ Q P S 
K3BH£5£T*8SI L ?:^T' g S 4l V ^ e> {^ffl S: >ff 

[0023] ttcxmut* wm^m&itir&wwm 
imt. - u x$&k*-?z> f f th4i, 

»s-r*aJaa?!BQft»4:, A*«-t^o f dmqami 

iSMfeS V HiO F DMQ P S K$mWLV> 4l ^tittflBiiafe 

«M tFFT« 4iMli»!Be»» U, A*# 

#^ Q AM^Ife ^HiQPS K^ijgcD 4l g ttttllB 
Safe?iJ^^4l F F Tf|4lSfeitt?iJ^I#i$:^il{C-rSiiS 

y m &«iwi-«^j»ww»s:aawfe i 41 ?:#^4i 

"t5%j«n»»»J, 1 mWffigiXO F DMQ AM^aS* 
^T'^iM L/ A^M-^- 41 Q AMaaGftSreaai U 5:^ 
PT'^S, SS^li 1 offlWt'O FDMQ P S Kf 
IS^tT'^M b 41 Q P S Km&T&X$zM U fe-ff 
# &&MX # S 41 v * e> * o 

[0024] tttwrn, ±sssffiK.i5^x* mc3& 
^-yxa&isrrsasFFTftfc, amwofdm- 

Q AMgEIMMfe-S V m.O F DMQ P S K^MlfcCD 



7 

6 Q P S K^H^CD £ £ {«afffi£ F F T £ fc^irtC 

^SSB&fcflsyffitjKUSSi:. AafiWc^oTtWffii 
fflftfc't&feanS&U. lo©«9H8"eOFDMQAM 

^P^^T'^iS b fc{§# i: Q AN!gQH**Tf 3EM b fcfl 

^£W££S* S>SV^ilo®tt»HS"eOFDMQP 
S KSSH#*T?38ilLfcflr5i: QPS KiOB^TSEBI 

[0 0 2 5] *Wn(V$^OMMz-z>^X. HI 10 

(m&oMM l ) H l i ©USScD^ffifc^ 

[0 0 2 6] ince^ti i\t^Lt=.m^Kt>-t 
& a* 1 2 ttssffisfr h ^x&pgm m^r zm.7b-fz> 

flffl l&HSS-tS a 1" ;b#, 1 4 te-K^C <fc 

LT«m+S^i8B£#+AFC». I6\t**.-i- 20' 

mo>w%$&D$J!mzftffl-? « & » <wpjfWBf»f9* y 

6 i? a y l 8 \ir9-a. —t<mmmfr<z>$:»z> 

ffimmzmStt s P N T*. 1 9 tt»sMmncDm 

73«# 5:^5-rxbTf» & wzt zmm. 
i o i wnm, i o 2 i o 3 atati 

[00 2 7] 

GR5] 

E = l(-*) 30 
[0 0 2 8] 0Dffi-tS:m73-rSEXP-^T*fe5. * 
(C, EU£#H8bT, ##8S9l0>f5 1 <Z)Hk®^^feW 

-SQAMQ P S K^m$m%iiV>wsfc^^xwn^ 

5„ A±Lfe«*tfQAM^bfcWr 31 

gijn i o i a*aeg«gHb». p n T»tf£8Mcfc& 
2#tftfrr*. -ebr. H7tp«»«:esa5fflQAMtiai 

fcm^tfAfftfrf- 1 1^<dA7j;**U ti&gggl 2{CA77 
$ ft*. 1 2 te^HMfr e>fcOD^fl# Sr^Tt; 40 

U O -;M"7:7 1 3£Vny?U£.mi 71CA 

Trf f n *j l 7 «*Sgp©? p v ?M#SHf§ 

*fb»14fcAGC«l SKIAA^-*. AGC»16li 



# fflW- 9-275426 

8 

fflBS£«+ AFCf§15ilPNT£l8 iCATTf £„ H 
jaiJSES*#+AFC«l 5 l«HIBft®fiC*B'f tl. MffiSR 

Sfffl 1 OffiTrTSo Ri:©»f^tCJ:y, QAM^§1£ 

[0 0 2 9] ■£LT..A*Ufcte-^QPSK3aHbfc 

>BB!H»1 0 l]dW«fbil. PNT3I 

WB»WW» 1 0 2 tftftfj-f 5. ^C0®^, P N Tg§ 1 9 

**e>tfejft»i 2^.©fi-^«^ji:^y> -fcbuicEXP 

[0 0 3 0] QPSKSBBIbfcfa-^A*SB?-l 

«38HfiSfr & TuW^HfS-^ Sr^Sb. n-M77>f;i/ 
^ l 3 t^a^v^S^^i 7(cAtj-T§« ^a«v^S* 

£ 1 7 &^gp© ir □ «y ^ SMitSffi l J 

ffi u ^gp©^ a v vmms &nm&0rt> y t y sf? 

•5. D-M77-fM 1 3\3mm0Sfe&&ff>Mf& 

t^m^cotsm b, a g c* i 6 tw^mn 

£»+AFC»l 5£«grj»l 9KlA*-r*. AGCH 

*«a*jffl-r. «£BBf£»+AFc#i 5(j3ams® 

tCjol§ 0 mm 1 9 lin -M77^ Jl>9 1 3 ©fflTJ-fs 
-tSrX^-f^bT^^K^-^&S^bmTTSSB-l 1 0 
ffiTJfSo Ri:<Ott(f^CJ:»JQPSKtJaHS:^f*. 
[0 03 1] (|Q&Z>«?5»2) B2(»|6f®^2ffli 

[0032] ni2icj3vvri i tt^bfefS-f-^ATj-r 

mm* 1 3 \*mm&%mm<mm£m>ffi :: ?m> 

fflJ0J5:l^f 5n-M77-f;W. 1 4 li-ecUi&tc «fc 
LTflliE'r *aBSJSM#+ A F CIS, 1 6ttf a-t 

sp©f©ipigi(Z)?ij#s:»-r s fcfcafijiwwwts&f^ y 

ffi-f AG» 1- 7 te^gP©? □ >y * JBSSfiSISrfflHJft 

^B^t&icii^-r -s p n t«. 1 9 iismwm^.m>& 

IMtt^J x UT 2/>sJ?;MB -f-^H^-r SDBiBfc 
l 0 2 waB!BBBfW»T*>*. BIKOflllsSi:***© 
I*. ?SJ^fbH 1 4 £ P N TS 1 8 OO^ScT'fe^). 



(9) 



m WPf- 9-275426 



[03] 



[01 0] 



.33 h^^^/S'—tMl/^-fJUS' 
302 



41 A^Mf 




,38 37. t 1 T 



42 




[05] 



n 



*±8 



I — 



17 



AGC8 



'12 



101 



103 



I 



16 



1 



+AFC* 



K 
13 



101 — 

*?T1 J 



EXP 




-368 





] [ 



I 



15 



101 



PNT» 



102 



FFTS1-* 




l 



51 52 53 
•^18 



19 

\ 110 



ime] 



11 



/7 



I 



AGC« 



N2 



i 



•16 



101 



15 



+AFCS 



13 



101 



14 



103 



N 



EXP 
-ft 



If 



T 



101 



53 

v X 

HFFTflH^|5S 



52 



*FFT* 



PNT 



\ 
61 



•102 



k 18 



a? 



19 

A. 



no 



(10) 



<&m¥ 9-2754 26 



[H7] 





1 



+AFCS 



15 





I . 







I 



M3 



14 



19 



110 



> 8 



PNT8 



[09] 



.33 h^>;*K--y-yb^-r^5> 



as*** 




CHI 1] 



J 

ii 



9U^0 


/ 1T 




AGC8* 


j 









•12 



.16 



ZD 

+AFC» 



13 



14 



,15 



51 
1 



52 



FFT* 



53 



at 1 



■ HA 



b 



7— 110 
19 



18 



PNT< 



t t 



(11) %fffl¥- 9-275426 



